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Introduction
Semen samples were obtained from 60 chromosomally normal men, Between 2 and 7% of all couples desiring children do not aged 23-46 years, who attended an infertility clinic. All semenograms succeed by the end of their reproductive life (Sara, 1987) . In were carried out by an automated semen analyser (Strömberg-Mika-30-40% of these cases, childlessness is due to male infertility. SM-LMA, München, Germany) . The analyser provides objective data Of all men who attend infertility clinics, Ͼ10% are diagnosed to about the number of spermatozoa and their type of motility. Particles have oligo-or azoospermia of unknown aetiology (Hargreave, with a standardized predetermined shape and a particular luminosity are recognized and counted by the program. All spermatozoa that 1990). In couples where infertility is attributed to reduced change their place in one sequence of frames are recognized as sperm quality of the male partner (diminished sperm count motile. Detailed technical descriptions of such an analyser have and/or motility, aberrant sperm morphology) it can at least be already been published elsewhere (Hinney et al., 1993) . For classificapartially by-passed by intrauterine insemination or in-vitro tion of the semenograms, the World Health Organization (WHO, fertilization (IVF). However, for these techniques to have a 1992) criteria were used as a standard.
chance of success, the spermiogram has to meet certain
The remainder of the ejaculates was used to prepare slides for ISH minimum requirements (Michelmann, 1995) .
as described elsewhere (Guttenbach et al., 1994a) . In addition, slides
In the past few years, intracytoplasmic sperm injection were prepared from semen samples of six healthy probands of proven (ICSI) has gained more and more importance in the treatment fertility aged 23-57 years (control group). of infertility. By ICSI, fertilizations can be achieved even with extremely low numbers of spermatozoa, motionless spermato- Hindley, 1979) , pXBR (Yang et al., 1982; Willard et al., 1983) nuclei were used to determine X disomy rates and only Y-bearing nuclei for Y disomy rates. and pHY2.1 (Cooke, 1976) were used as chromosome 1-, X-and Y-specific probes respectively. These probes were labelled with Bright-field and fluorescence analysis of sperm preparations were performed in parallel by two independent observers. In order to biotin-16-dUTP (Boehringer, Mannheim, Germany) or digoxigenin-16-dUTP (Boehringer) by nick translation. prevent any observer-based bias, both observers performed both types of microscopic evaluation. In-situ hybridization Depending on the age of the slides (1-6 weeks), sperm preparations
Results
were decondensed and denatured for 2-8 min in 2 M NaOH at Due to the almost complete absence of mature sperm nuclei room temperature. Older slides require a longer incubation time (n ϭ 13) or to failure of the hybridization procedure (n ϭ 2), than fresh ones. Slides were then passed through an alcohol series preparations from 15 out of the 60 patients could not be evaluand air dried. Sperm morphology was assessed under phaseated. The disomy rates established for chromosomes 1, 7, 10, contrast optics. If the denaturation of sperm heads was not satisfactory (i.e. the sperm heads still looked very compact and 17, X and Y and the diploidy frequencies in the remaining 45 bright), the slides were returned to NaOH for another few minutes. patients are summarized in Table I . In all patients the autosomal Aliquots (20 µl) of the hybridization mixture [50 or 60% formamide disomy frequencies refer to analysis of at least 4000 hybridized (Fluka, Neu-Ulm, Germany), 2ϫ sodium chloride/sodium citrate sperm nuclei per patient (diploidy corrected data of single-target (SSC), 5% dextran sulphate and 10 ng of biotin-and/or digoxigenin-ISH ϩ two-colour FISH data). For X and Y chromosomes, was 0.1%.
Slides were counterstained with 4Ј,6-diamidino-2-phenylindole (DAPI) and mounted with Vectashield mounting medium (Vector).
According to their sperm parameters, the 45 patients could be grouped into six classes. The group of oligospermic patients Scoring of sperm nuclei and analysis consisted of seven males with sperm counts of 2.9-5.5ϫ10 6 /ml.
Analyses of sperm probes were carried out with no prior knowledge
The mean disomy rate per chromosome ranged from 0.07 to of the patients' sperm parameters. Only slides showing hybridization 0.21%, diploidy rates from 0 to 0.05%. Fourteen patients showed efficiencies Ͼ95% were evaluated. For classifying a sperm cell as oligoasthenozoospermia with sperm counts of 1.4-19.7ϫ disomic the criteria of Williams et al. (1993) were applied: sperm total of 9% motile spermatozoa, a mean disomy rate of 0.11% Discussion and 0.05% diploid sperm cells. Only one patient had asthenoIn the first published studies investigating aneuploidy in teratozoospermia with a sperm count of 49.8ϫ10 6 /ml, a total of human sperm chromosomes by ISH, only single chromosomes 36% motile spermatozoa, a disomy rate of 0.12% and 0% diploid were detected Schmid, 1990, 1991; Pieters sperm cells. et al., 1990; Han et al., 1992; Holmes and Martin, 1993 ; Comparing the mean disomy rates for the chromosomes, no Martin et al., 1993; Guttenbach et al., 1994a,b) . At that differences were detectable between the various groups of time, the method was hampered by the fact that disomic patients.
and diploid cells could not be distinguished with absolute In the control group of fertile probands, diploid sperm certainty. Although, in general, diploid sperm nuclei are cells were detected with frequencies of 0 to 0.10% (mean expected to have a somewhat bigger volume than haploid 0.05%). The disomy rate for a specific chromosome ranged cells, size alone is not a reliable factor for identification of from 0.11% (Y chromosome) to 0.16% (chromosome 17) diploid spermatozoa (Carothers and Beatty, 1975; Spriggs et al., 1995) . Nowadays, unequivocal determination of (Table II) . diploid sperm cells can be achieved by simultaneous astheno-, asthenoterato-and oligoasthenoteratozoospermia were applied. Single probe hybridization, as analysed by light detection of two or three chromosomes using two-or threecolour FISH (Goldman et al., 1993; Han et al., 1993;  microscopy, allowed a better distinction of morphologically abnormal spermatozoa than did fluorescence microscopy. It Bischoff et al., 1994; Chevret et al., 1995; Spriggs et al., 1995 Spriggs et al., , 1996 . In the present study, clearly demonstrated that abnormal spermatozoa were not preferentially associated with numerical chromosome aberrasingle and double hybridizations on sperm nuclei of 45 infertile patients with oligo-, oligoastheno-, oligoterato-, tions, but that disomy was mostly detected in morphologically normal sperm cells. Two-colour FISH was employed to spermia, six with unexplained sterility, one with anti-sperm antibodies) and reported disomy of chromosomes 1, X and Y distinguish unequivocally diploid nuclei.
with an incidence of 0.13, 0.16 and 0.11% respectively. All Decondensation of sperm cells these data suggest that the incidence of disomic spermatozoa is not increased in our group of infertile men, even if sperm Apart from mature sperm nuclei, immature cells as well as somatic cells were present in high numbers in the majority quality is extremely reduced. On the other hand, certain individual patients (e.g. nos. 31 of the patients' ejaculates. Since only sperm nuclei were to be evaluated (for comparison with fertile males), it was and 59) exhibited higher disomy rates for all chromosomes than the average rates in healthy men. This, however, might be important to differentiate between the various cell types; i.e. decondensation and denaturation of the sperm nuclei attributed to interindividual variability, also found in fertile men. Moosani et al. (1995) investigated five infertile patients (two had to be carried out under conditions which allowed the typical sperm morphology to be preserved as far as possible.
with teratozoospermia, two with asthenozoospermia, and one with oligozoospermia) using FISH with probes specific for chroUsing 2 M NaOH, we were able to perform a controlled and uniform decondensation of spermatozoa. After NaOH mosomes 1, 12, X and Y and reported significantly elevated disomy rates for chromosome 1 in three patients and XY in four treatment the preparations were examined under phasecontrast optics. Optimally decondensed sperm nuclei showed patients, resulting in increased frequencies for the whole group of infertile patients. No increased numbers of XX, YY or chroa homogeneously grey appearance with a distinct increase in size. If the swelling of the spermatozoa was not mosome 12 disomy were detected. Possibly, analysis of a larger group of patients could influence these results. pronounced enough, a further treatment with NaOH could be applied. In contrast, the approach to decondense the The disomy rates estimated in this study are~2-fold lower than the values obtained in our earlier investigations performed fixed sperm preparations by treatment with dithiothreitol and trypsin turned out to be unsuitable. After hybridization the in fertile men Schmid, 1990, 1991; Guttenbach et al., 1994a,b) . This cannot be attributed to different results sperm morphology appeared to be altered or even destroyed, with large, expanded signals rendering identification of in single and double hybridizations (both techniques revealed similar frequencies in the present study), but rather to the less disomic sperm almost impossible.
stringent scoring criteria applied in the former investigations.
Disomy rates
Thus, it appears that rates should only be compared directly if they are obtained using the same scoring conditions. In general, Up to now the disomy rates for almost all chromosomes have been established in fertile males by ISH techniques (for review, it can be assumed that both kinds of evaluation (stringent and less stringent) cannot totally exclude misidentifications. Whereas in see Spriggs et al., 1995) . The frequencies determined by different groups have varied considerably. Thus, for example, less stringent scoring conditions sperm cells with split signals might be falsely classified as disomic, truly disomic nuclei with for chromosome 1 disomy rates ranging from 0.06% (Holmes and Martin, 1993) to 0.8% (Pieters et al., 1990) have been narrow signals might be identified as normal using the more stringent criteria. reported. The incidence of X chromosome disomy has been reported to range from 0.02% (Griffin et al. 1995) to 0.6% Diploidy rates (Jackson-Cook and Haller, 1991) . These discrepancies could be due to different sperm decondensation techniques, employAverage diploidy rates established in fertile probands range from 0.03% (Lu et al., 1994) to 0.34% (Williams et al., 1993) . Among ment of two-and three-colour FISH rather than hybridization with a single probe, interindividual variation and/or application these men, distinct interindividual variation was observed. For example, Spriggs et al. (1995) found diploid sperm nuclei with of different scoring criteria. Martin and Rademaker (1995) were able to show that the estimates of disomic nuclei are frequencies of 0.05-0.47% in different donors.
In their population of infertile males, Miharu et al. (1994) highly dependent on the scoring conditions. If spermatozoa are regarded to be disomic when the two signals are separated reported an incidence of 0.05-0.55% (mean 0.23%) diploid spermatozoa. Comparing the results of the infertile group with by at least the distance of one diameter of the signal size, frequencies are significantly lower than in studies using only the normal, fertile controls they were unable to detect statistically significant differences in diploidy. However, whereas the numhalf the diameter.
Using one-diameter distances as scoring criteria for disomic ber of diploid spermatozoa in only one out of nine fertile males (11%) exceeded the mean diploidy rate, five out of 12 infertile cells in the present study, we obtained disomy rates for chromosomes 1, 7, 10, 17, X and Y for the group of infertile males (42%) had higher frequencies.
In the present investigation the overall frequency of diploid patients of 0.13, 0.12, 0.14, 0.13, 0.14 and 0.1% respectively. These average frequencies did not differ significantly from sperm cells was 0.1% in the group of infertile patients; 43 of our patients exhibited diploidy frequencies of 0-0.2%, with a mean those determined in our fertile probands (0.12, 0.15, 0.12, 0.16, 0.12 and 0.11% respectively). Similar frequencies have of 0.06%. This frequency was in good accordance with the rate of 0.05% diploid sperm nuclei determined in the fertile probands. been reported by other authors for various chromosomes in fertile males using the same scoring conditions (Williams However, two patients with oligoteratozoospermia did not fit within that range. Patient no. 30 presented an increased incidence et Miharu et al., 1994; Spriggs et al., 1995) . In addition to aneuploidy rates in nine fertile men, Miharu et al.
of 0.35% and patient no. 7 an extraordinarily high rate of 1.6% diploid spermatozoa in their ejaculates. Unfortunately, neither (1994) investigated 12 infertile males (five with oligozoo-
